Ontogenetic study on the expression of cytokeratin (CK) polypeptides within particular subsets of rat thymic epithelial cells (TEC) 
INTRODUCTION
Thymic epithelial cells (TEC) form a supporting network of the thymus and also play important roles in the generation of T lymphocytes. Close contact of TEC with surrounding thymocytes is an important factor in proliferation, differentiation, education, and selection of thymocytes. Interaction with major histocompatibility complex (MHC) antigens on TEC surface as well as humoral factors that they secrete are essential events in these processes (Gelfand et al., 1980) . In spite of this, very little is known about the function of particular TEC subpopulations.
During the last few years, a new approach to this problem has been the generation of rnonoclonal antibodies (mAbs) specific for individual thymic components. The (Ritter and Haynes, 1987; Kampinga et al., 1989) .
Cytokeratins (CK) are other important markers of the thymic epithelium. MAbs specific for CK polypeptides or CK families revealed a considerable TEC heterogeneity in humans (Laster et al., 1986) , mice (Savino and Dardenne, 1988a) , guinea pigs (Nicolas et al., 1986) , and rats ((oli4 et al., 1988a) . In our recent work ((oli4 et al., 1989) (Moll et al., 1982) .
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qmmunoreactivity given by the manufacturer. Lane, 1982 Lazarides, 1982 Lane, 1982 Lane, 1982 Lane, 1982 Viac and Brochier, 1983 Tolle et al., 1985 Lazarides, 1982 Cooper et al., 1985 (Savino and Dardenne, 1988a) and probably only CK10 in the rat thymus ((oli4 et al., 1989) bound to most medullary TEC in fetal thymus (Fig. 3A) as well as to a subset of medullary TEC and HC in adult rats (Fig. 3C ). However, variable patches of cortical epithelium, closer to the corticomedullary region, were KLI+ in the neonatal ( Fig. 3b) (Table 3 ) and compared them with the adult ones determined previously ((oli4 et al., 1989) . (Cooper et al., 1985) , whereas in fetal life, CK8 and 19 were present. Cortical TEC, both in fetal and adult mice, possess the same CK8/18 polypeptides (Savino and Dardenne, 1988a) .
CK19 is expressed in glandular tissues, independent of their origin and in some nonkeratinized stratified epithelia (Quinlan et al., 1985) . Although this CK is mainly a pan-TEC marker during fetal ontogeny, in adult rat thymus, its expression is restricted to subcapsular/perivascular epithelium and to a subset of medullary cells. In addition, we previously demonstrated rare CK19 + cysts in the rat thymus ((oli4 et al., 1988a) . Subsets of medullary TEC, both in adult-and fetal mice positive with CK19, were described by Savino and Dardenne (1988a) .
Interestingly, during the first two postnatal weeks in rats, simultaneous loss of CK19 and the expression of CK19 occurred in the cortex. We did not find similar data in the literature, but partial or complete loss of the epitopes recognized by the anti-CK19 mAb was detected in some thymoma (Cooper et al., 1985; Savino and Dardenne, 1988b (Cooper et al., 1985; Savino and Dardenne, 1988b (Savino and Dardenne, 1988a) probably detects CK10 in rats, because we did not identify any positive cells with AE5 mAb specific for CK3. KL1 recognizes only CK10 in human thymus, too (Haftek et al., 1986) . The positivity of HC and a subset medullary TEC with KL1 mAb in adult rat ((oli4 et al., 1989 ; this work) and mouse (Nicolas et al., 1985) or HC in guinea pig (Nicolas et al., 1986) indicates that CK10 is a marker for terminally differentiated thymic epithelium. Our data presented here clearly show that this CK subunit has a different distribution during ontogeny. Namely, in the early postnatal period, CK10 is expressed in most medullary TEC and also in a patchy pattern in the cortex, predominantly together with CK19 polypeptide. However, single CK10+ cells were present as early as 17 days of fetal life (not shown) and their numbers increased with age. It is not clear whether these cells originate from a common CK10+19+ subpopulation or not. Subcapsular/perivascular TEC share common CK polypeptides 7, 8, 16 , and 19 with a subset of medullary TEC, indicating their common origin. A panel of monoclonal antibodies with the same specificity has been produced in the human thymus (reviewed by Ritter and Haynes, 1987) or in the rat thymus ((oli et al., 1988b; Kampinga et al., 1989) .
Our data showed that the subcapsular epithelium in the rat thymus started to develop after birth. The patches of positive cells were first seen in a deep paraseptal area, sometimes close to the central medullary zone. The appearance of this cell layer in fetal human thymus was seen earlier, at 12 weeks of gestation (Lobach and Haynes, 1987) . Our results are in accordance with those published by Crouse et al. (1985) . They described a mechanism in which an outgrowth of epithelial cells from a central core in the thymic primordium (branchial cleft) surrounds the outer branchial pouch and forms the subcapsular zone.
The main question resulting from this study is the interrelationship of the rat TEC in terms of its origin. It is largely accepted that in mammals, thymic epithelium is derived from both endoderm (third pharyngeal pouche) and ectoderm (third pharyngeal cleft) (reviewed by Lampert and Ritter, 1988) . Close physical contact between them and probably their mutual inductive signals are necessary for normal thymic development. However, 4on-troversy over the exact contribution of each compartment in development of TEC compartments has been described.
First studies indicated that medullary epithelium, due to its central localization and the persistence in nude mice mainly in forms of tubules and cysts, was endodermal, wh(reas the cortex was ectodermal in origin (Cordier and Heremans, 1975) . Recent comparative investigations using a large panel of anti-TEC mAbs showed that subcapsular and medullary epithelium shared many molecules with epidermal cells, indicating common ectodermal origin of the skin and thyrnic medulla (Ritter and Haynes, 1987) . More recently, Lampert and Ritter (1988) suggested_ that thymic epithelium could be derived from a common epithelial stem cell. The main findings supporting this hypothesis are thymic tumors (Willcox et al., 1987) that simultaneously express both cortical and medullary TEC markers. Ontogenetic studies in mice also favor this hypothesis (Lampert and Ritter, 1988 (Accepted September 26, 1989) 
